The loggerhead sea turtle (Caretta caretta, Linnaeus, 1758) is the most abundant sea turtle species in the Mediterranean Sea, where commercial fishing appears to be the main driver of mortality. So far, information on sea turtle bycatch in Italy is limited both in space and time due to logistical problems in data collected through onboard observations and on a limited number of vessels involved. In the present study, sea turtle bycatch in Italian waters was examined by collecting fishermen's information on turtle bycatch through an interview-based approach. Their replies enabled the identification of bycatch hotspots in relation to area, season and to the main gear types. The most harmful fishing gears resulted to be trawl nets, showing the highest probabilities of turtle bycatch with a hotspot in the Adriatic Sea, followed by longlines in the Ionian Sea and in the Sicily Channel.
2.3 Ethics Statement
140 All necessary permits were obtained for the field studies described. Interviewees were informed 141 of the purpose of the study and that the data collected were confidential, and that their anonymity 142 would be protected. The interviews were carried out only after fishermen verbally consented to 143 participate. 174 Data from interviews were considered as valid only if, for each combination of gear-season-175 GSA, at least 5 interviews were performed. Turtle bycatch was rated on a scale from 1 (low 176 bycatch: 0 -100 turtles) to 6 (very high bycatch> 1,000 turtles).
177 Fishermen were also asked to report the percentage of death turtles at the end of the gear 178 retrieval (mortality rate). This value was considered to estimate the number of deaths (estimated 179 turtle bycatch × mortality rate). The mortality rate and the estimated death of turtles obtained in 180 the current study were then compared with those reported by Casale, 2011, who made a complete 181 review of the mortality rates for different areas of the Mediterranean Sea.
182 Due to the nature of data obtained by the interviews, characterized by an excess of zeros (about 184 distribution (ZINB) with logit link was performed to reduce overdispersion of variance due to the 185 zeros ). In ZINB analysis the zeros and the counts are analysed as two different 186 datasets: a binomial generalized linear model (GLM) is used to model the probability of 187 measuring a zero (called false zero, generally due to design errors, observer errors, unsuitable 188 habitat and so on); the count process was modelled by a negative binomial GLM and as such, 189 under certain covariate conditions, can produce zeros (in the sense that we can count zero turtles 190 effectively and referred as true, or structural zeros). The expected mean and variance for the 191 ZINB model are calculated as follow:
194 Where is the expected value of the response variable, is the mean of the positive count ( ) 195 data and is the probability to have false zeros. We also calculated the probability functions of 196 ZINB to have zeros (true zeros) and negative binomial distribution for the count data as follow:
199 Where k is called the dispersion parameter.
200
The covariates considered for modelling data were GSA (7 levels), Season (4 levels) and Gear (3 201 levels). The model selection was performed following a backward selection of covariates starting 202 from a full model with all the covariates and interactions and assessed via Akaike's Information 203 Criterion (AIC); the model with lowest AIC was considered the best. To assess the significance 204 of each single factor and interactions a likelihood ratio test (LRT) based on Chi 2 distribution was 228 For trawling, the fishing effort was the highest in GSA 17 (Northern Adriatic Sea), where the 229 low depth, flat seabed is ideal for towed gears, but fell in summer due to the closed fishing 230 season. The fishing effort of longlines was consistently low, except in GSA 19 in summer.
231 The mean number (geometric mean) of turtles captured per GSA, fishing gear and season, 232 obtained by the fishermen interviewed, is reported in Table 2. 233 Relying on interview data 52,340 capture events are estimated to occur in 2014 (Table 3 ). The 234 majority of incidental catches took place in summer (> 15,000 events), followed by autumn and 235 spring (around 13,600 and 13,000 respectively), whereas a lower number were caught in winter 236 (around 11,000) ( Table 2 ). Catches by trawl nets mainly occurred in GSAs 17 and 18 (Adriatic 237 Sea), where they seemed to be numerous throughout the year. Longline bycatch mainly occurred 238 in GSAs 19 and 16 (Southern Italy), especially in summer and, to a lesser extent, in autumn. Set 239 nets seemed to interact with turtles in most GSAs especially in spring and summer, when fishing 240 with this gear is most active due to favourable sea and weather conditions. 241 The mortality rates obtained from fishermen's interviews enabled to estimate a total of about 242 10,000 turtle deaths, most of them due to set nets (5743) and trawl nets (3082). By applying the 243 mortality rates reported by Casale (2011) it is possible to estimate that about 21,000 turtles can 244 die every year mainly due to set nets (around 14,000 deaths) and trawl nets (around 4,000 245 deaths).
246 The data on stranded turtles, which were especially high in summer and autumn (Fig. 2) , 247 confirmed that the Adriatic Sea is the area mostly affected by incidental catch.
248
The results from ZINB model are summarized in Table 4 . All the factors were highly significant. 263 Figure 5 reports the probabilities to catch turtles calculated by the count part of the ZINB model.
264
What emerged was that, although, the longline predicted values were the highest, the 265 probabilities to catch turtles by means of this gear are very low in all the GSAs (almost < 5%, 266 except in the GSA 10). In other words, it seems that longlines have less probability to bycatch 267 turtles but when they do that it is in relatively massive amounts. On the contrary, 268 notwithstanding the low predicted values for the other two gears, their probabilities to 269 accidentally catch turtles are extremely higher than longlines (between 6 and >15% for trawl nets 270 and between 3 and 12% for passive nets).
271 Following these results it is clear that the major risks of turtles bycatch were associated to the 272 trawl nets in all the GSAs (especially in the GSAs 9, 19, 18 and 17) followed by the passive nets 274 very low probabilities to catch turtles except in GSAs 10 and 11 where all the three gears showed 275 almost the same probabilities.
276 The interaction matrix identified the gears, areas, seasons at the highest risk of bycatch (Fig. 6 ).
277 Longlines pose a risk especially in GSA 19 and, to a lesser extent, GSAs 9 and 19 in summer.
278 Interactions with set nets cause the greatest concern in GSAs 17 and 10 in summer. Finally, the 279 whole Adriatic Sea is an interaction hotspot for trawl nets, especially in spring and summer. Table 5 . Most 284 fishermen (75%) stated that they had caught at least one turtle in 2014; the lowest number was 285 reported by fishermen using set nets (62%) and the highest number by those using longlines 286 (89%) and trawl nets (88%). About 44% reported a disturbance to fishing activities, set nets 287 (61%) and longlines (50%) being more affected than trawlers (26%).
288
The main disturbances to fishing activities due to incidental turtle catches reported by fishermen 289 were grouped into 5 categories (Table 5 ). Waste of time was the most common problem reported 290 by fishermen, regardless of fishing method, and was worst in longline fisheries (46%). Turtles 291 were sometimes perceived as competitors and a cause of gear damage, especially during net 292 hauling and disentangling operations (27% of fishermen using set nets). Catch damage and 293 depredation were reported by fishermen using trawl nets (39%) and set nets (27%). In longline 294 fisheries, bait consumption was a cause of concern to 18% of those interviewed. Another cause 296 fishermen denied any disturbance due to turtle bycatch and any concern except for the animal's 297 health.
298 Direct mortality seems to be low, since 85% of fishermen stated that turtles are usually released 299 in good health conditions (75-100% are alive). Fishermen reported that the direct mortality 300 seems to be high enough for set nets and to a lesser extent, for longlines, while turtles caught 301 with trawl nets are generally released alive (Table 3) .
302 When asked about on board practices (Table 5 ), 24% of fishermen said that turtles are released 303 immediately, 30% that they are handed over to the Coast Guard or Rescue Centres, and 46% that 304 they are released after allowing them to rest for a short time. Most fishermen reported they were 305 worried about handing the turtles over to the Coast Guard due the bureaucratic hassles and the 306 time wasted, apart from the possibility of catch and vessel inspections. Whereas. the fishermen 307 using set and trawl nets reported that they generally release turtles after a short rest (about 2 308 hours), the longliners stated that turtles are usually released immediately or delivered to Rescue 309 Centres.
310 The questionnaire showed that fishermen had no clear perception of the annual trend of sea turtle 311 abundance, since 40% denied noting any difference over the past few years, whereas 26% and 312 33% stated that the population is decreasing and increasing, respectively. 313 314 3.2.2 Suggestions to reduce turtle bycatch and knowledge of BRDs 315 Nearly all the interviewees felt that applying mitigation devices (BRDs) to traditional fishing 316 gear would be more effective in reducing turtle bycatch rates than moving to another fishing 317 area. When asked about the possibility of BRD adoption in the Mediterranean, half of the 318 fishermen were in favour of it, albeit only under certain conditions (Table 5) , and 40% of these, 319 especially the longliners, believed that incentives would be needed. Of those who were not in 320 favour, only 23% failed to qualify their reply. When fishermen were asked about their chief 321 doubts and misgivings, regarding BRD adoption, two main stances emerged (Table 5) , as 39% 322 stated that the main problem was a lack of information and BRD knowledge and 38% were 323 worried about modifying their traditional gear, especially for the fear of performance loss.
324 Another important concern was that BRDs or other similar solutions might become mandatory in 325 the future. 326 3.2.3 Fishermen's awareness and attitude regarding turtle conservation 327 Fifty eight percent of the interviewees were aware that their actions could adversely affect sea 328 turtle populations, and that something can be done to preserve the species (Table 5 ). However, 329 many (30%) were sceptical about the fishermen's ability to change things. Only 12% replied that 330 fishermen's behaviour and practices and fishing activities do not affect turtle survival. 428 The interview-based approach here adopted provided bycatch estimates even for those fisheries 429 for which information is usually scarce, unavailable, or even subjective. Moreover, the findings 430 allowed accurate identification of the periods, areas and gears at greatest risk. This approach can 431 easily be replicated to identify the bycatch hotspots of other sensitive species, such as marine 433 Once hotspots are identified, technical measures such as alternative gears, BRDs, alternative 434 fishing tactics (i.e., avoid using certain gears in certain periods) can be applied more efficiently. 
Interview results in percentages
Interview results in percentages per gear: 1) fishermen that reported at least one capture event and 2) eventual disturbance to fishing activities caused; 3) main causes of disturbance due to turtle catch; 4) fishermen behavior in case of a capture event; 5) fishermen's opinion and 6) doubts on the adoption of BRDs; 7) fishermen's awareness of sea turtles conservation issues; 8) fishermen's level of interest in participation in conservation projects. 
